Purpose: We used parcellation based on 264 putative functional areas to explore the difference of amplitude of low-frequency fluctuation (ALFF) between refractory depression and non-refractory depression patients. Patients and methods: Sixty first episode drug-naive patients with major depressive disorder (MDD) and 20 healthy controls (HCs) were recruited in this study; the MDD group was divided into a refractory depression (TRD) group (n=15) and a non-refractory depression (non-TRD) group (n=18) according to the treatment effect following up for 2 years. All the subjects underwent magnetic resonance imaging scanning and performed the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) and all the patients with MDD finished the 17-item Hamilton Depression Rating Scale (HAMD17). We used a parcellation based on 264 putative functional areas to explore the difference of ALFF measures in the three groups. The correlation between the abnormal ALFF value and characteristics of MDD was examined. Results: RBANS total scores and index scores in the HCs were significantly different from that of the MDD group. HAMD-17 in the TRD group was significantly higher than that of non-TRD group. Relative to HCs, MDD groups showed significantly lower ALFF within the right default mode network, which was positively correlated with the immediate memory and language in the MDD group. Compared with the non-TRD group, the TRD group showed higher ALFF in the right sensory/somatomotor hand, right auditory and left default mode network. Conclusion: Dysfunction of the somatosensory areas, right auditory and left default mode network may be a marker for specific psychopathology symptoms of TRD.
Introduction
Major depressive disorder (MDD) is highly prevalent psychiatric disorders and is a leading cause of disability worldwide. 1 About 30% of patients with MDD do not respond to standard pharmacotherapy or psychotherapy. 2 They are classified as treatment-resistant depression (TRD). 3 Although MDD has been extensively studied by neuroimaging studies in recent years, [4] [5] [6] the pathomechanism of TRD at neural level is still under debate. Neuroimaging studies demonstrate that TRD is accompanied by functional and structural abnormalities in many brain regions. Change of grey matter volume has also been observed in patients with TRD in frontal and temporal regions, including the parahippocampus and amygdala. 7 Furthermore, research showed hyperperfusion in the left subcortical regions (amygdala, putamen and pallidum) and the left dorsomedial prefrontal, left anterior cingulate cortex in the TRD and chronically depressed patients by arterial spin labeling perfusion magnetic resonance imaging. 8 Abnormal functional connectivity with thalamus and medial prefrontal regions has also been discovered to be associated with refractoriness. 9 Also, comparison between TRD and non-treatment-resistant depression (non-TRD) showed reduced functional connectivity in the left amygdala-anterior cingulate cortex-right insula-precuneus in non-TRD group. 10 The involvement of specific brain regions in refractoriness was furthermore confirmed by the improving clinical symptoms through theta burst stimulation in the left dorsolateral prefrontal cortex (LDLPFC). 11 Repetitive transcranial magnetic stimulation (rTMS) has too been reported to be a promising technique for cognitive enhancement by acting on brain areas in TRD. 12 However, fewer magnetic resonance studies have investigated the neural mechanisms between TRD and non-TRD by differential functional integration within neural networks.
Resting state MRI (rs-MRI) that measures brain baseline fluctuations in the BOLD signal when a subject with open or closed eyes is not doing anything in the scanner. 13 rs-fMRI actually might be of great significance approach for investigating the abnormal neural mechanisms of depression.Two reviews detail a good deal of studies that have utilized rs-fMRI to study various neurological and psychiatric conditions. 14, 15 Rs-fMRI provides good signalto-noise, requires minimal subject compliance, and is well suited for translation into the clinical realm. 16 In rs-fMRI, regional characteristics of low-frequency oscillations are used commonly to examine with amplitude of lowfrequency fluctuation (ALFF), which was developed as a power spectrum of low-frequency (0.01-0.08 Hz) fluctuations in the blood oxygen level-dependent signal with higher sensitivity and specificity. In ALFF analysis, the baseline intensity or the amplitude of low-frequency oscillations is quantified as a regional characteristic of resting state natureneural activity. Alterations in ALFF values in MDD have been one of the topics in a few recent rs-fMRI studies. Overwhelming majority of studies mainly have used structure atlases such as the automated anatomical labeling (AAL) atlas, which focused on the structural units of ALFF changes in depression. 17, 18 There is growing evidence that the neural networks of MDD are damaged. 19, 20 Nevertheless, the AAL that consists of 90 regions within the cerebral cortex provides a coarse parcellation of the brain based on then on-overlapping structural units. The 264 putative functional areas atlas that parceled the whole brain into 264 distinct regions were derived in task-free data using methods with no prior information about node identity. 19 Many properties of this functional areas atlas should be fairly direct reflections of functional brain organization. Using the 264 putative functional areas atlas obtained superior results compared to the AAL atlas. 20 The current study is the first study to examine the differences in resting state activity as measured by ALFF between non-TRD and TRD based on 264 putative functional areas atlas. We hypothesized that TRD and non-TRD are characterized by distinct functional deficits in distributed brain system,and the functional deficits of patients are associated with symptoms and cognitive function. First, we recruited 60 MDD with first episode and drug-naive, MDD was divided into 15 TRD and 18 non-TRD according to the therapeutic effect after followed up for 2 years. In addition, we use a parcellation based on 264 putative functional areas to explore functional abnormality using ALFF measures in refractory depression, nonrefractory depression and comparison subjects. Furthermore, we conducted correlation analysis between abnormal ALFF value and characteristics of MDD.
Materials and methods Participants
We recruited 60 outpatient clinics with MDD from First Hospital of Shanxi Medical University between December 2015 and July 2017. All the patients fulfilled DSM-IV criteria for major depression as diagnosed by the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)and completed the 17-item Hamilton Depression Rating Scale (HAMD-17). The MDD was divided into 15 TRD and 18 non-TRD according to the therapeutic effect after followed up for 2 years, and 27 patients fell off. Inclusion criteria for depressed subjects were as follows: 1) aged between 18 and 50 years; 2) HAM-D-17>17; 3) patients with first episode and drug-naive; 4) no comorbid mental disorders. Exclusion criteria for depressed patients were as follows: 1) those having mental disorders caused by organic changes; 2) those meeting criteria for substance dependence within the past year; 3) 
MRI scanning
MRI data were acquired from all the participants using a MAGNETOM Trio Tim 3.0 T system (Siemens Medical Solutions, Germany) at the Shanxi Provincial People's Hospital, Taiyuan, People's Republic of China. Foam pads and earplugs were used to limit head motion and reduce scanner noise. Participants were positioned with their heads in a 32 channel head coil. All subjects were asked to rest quietly with their eyes closed, and confirmed that they did not sleep during the scan. We acquired 212 three-dimensional image volumes with the following parameters: TR=2,000 ms; TE=30 ms; section thickness=3 mm sagittal slices=32; FA=90º;FOV=240×240 mm 2 ; and matrix=64×64 mm 2 .
Data processing and analysis
Resting-state fMRI data preprocessing was conducted using SPM8 (www.fil.ion.ucl.ac.uk/spm/software/spm8) and the Data Processing Assistant for Resting-State fMRI toolbox (DPARSF V2.0). 25 Standard pre-processing steps were performed on the rsfMRI data sets, including the following steps: remove the first 10 time points, slice timing, realign, normalize (using an EPI standard template from the Montreal Neurological Institute ), spatial smoothing (6 mm full-width at half-maximumGaussian filter), linear detrending. Linear regression of global mean signal, head motion parameters, cerebrospinal fluid signal and white matter signal was executed to remove the effects of nuisance covariates. Data were excluded if their head motion was >2 mm or an angular rotation of 2°in any direction.
The 264 putative functional areas atlas partitioned the whole brain into 264 distinct regions 15. These areas were identified using two sets of regions of interests (ROIs) resulted from two independent methods: meta-analytic and functional connectivity (fc)-mapping. The first method of identifying assumed functional areas utilized multiple datasets (n>300) for brain regions that showed remarkable activity when specific tasks were performed. This method consolidated to 151 final ROIs by spatial averaging. The second method was applied to the rs-fMRI data from healthy young adults (n=40).The (fc)-mapping method generated representative set of 193 non-overlapping ROIs. Technical details and full information about the fc-mapping are referred to the reporter. 26, 27 The combination of meta-analytic and (fc)-mapping yielded 264 putative areas across the cerebral cortex, subcortical structures and the cerebellum. We extracted ALFF values of all subjects with the identified 264 putative functional areas. The 264 regions of ALFF values between the patient groups and controls were examined using one-way ANOVA analysis followed by post hoc two-sample t-tests utilizing the SPSS 23.0. For all analyses, the threshold is p<0.05 with false discovery rate (FDR) correction for multiple spatial comparisons at the cluster level across the whole brain. Differences of age and years of education between the MDD (including TRD and non-TRD）and controls were examined using ANOVA. Gender was compared using Chisquare test. The illness duration and HAMD total scores between TRD and non-TRD were estimated utilizing twosample t-tests. One-way ANOVA was conducted to compare RBANS total scores and index scores (Immediate Memory, Visuospatial-Constructional, Language, Attention and Delayed Memory) between the three groups, and post-hoc t-tests were performed to identify variations across groups with least-significant difference (LSD). The partial correlation is examined between abnormal ALFF and HAMD total scores with age, years of education and illness duration as covariates in patients. The partial correlation between the ALFF value and the RBANS total scores, Immediate Memory scores, Visuospatial-Constructional scores, Language scores, Attention scores and Delayed Memory scores was examined with age, years of education and illness duration as covariates.
Results

Demographic and clinical characteristics
Age, sex and years of education were not significantly different between TRD, non-TRD and HC group. Illness duration of MDD has not significantly different between TRD and non-TRD. Depression severity (HAMD17 score) with TRD was significantly higher than that of non-TRD (p=0.016; Table 1 ). RBANS total scores, Immediate Memory scores, Language scores, Attention scores and Delayed Memory scores with MDD (including TRD and non-TRD) were significantly different from that of the HC group (p<0.05). No significant differences were observed for Visuospatial-Constructional scores among the three groups (p>0.05). Post-hoc t-tests displayed that compared with HC, TRD and non-TRD showed significantly lower scores in RBANS total scores (TRD vs HC, p=0.001; non-TRD vs HC, p<0.001), Immediate Memory scores (TRD vs HC, p=0.001; non-TRD vs HC, p<0.001), Language scores (TRD vs HC, p=0.022; non-TRD vs HC, p=0.001), Attention scores (TRD vs HC, p=0.012; non-TRD vs HC, p<0.001) and Delayed Memory scores (TRD vs HC, p=0.003; non-TRD vs HC, p<0.001). However, RBANS total scores and index scores were not significantly different between TRD and non-TRD(p>0.05; Table 2 ).
Group differences in ALFF
Significant group differences of ALFF were found in 10 regions between TRD, non-TRD and Healthy Subjects by ANCOVA, followed FDR correction for multiple spatial comparisons (p<0.05). Relative to the healthy group, both TRD groups and non-TRD groups showed significantly lower ALFF within the right default mode network (posterior cingulate cortex [PCC]). Compared with non-TRD and healthy group, TRD showed higher ALFF in right sensory/somatomotor hand. Compared with non-TRD, TRD groups showed significantly higher in right auditory (temporal lobe) and left default mode network (LDLPFC). Compared with healthy group, non-TRD group showed significantly higher in left sensory/somatomotor hand, right auditory (insula), right fronto-parietal task control and right subcortical, and significantly lower in left fronto-parietal task control and right fronto-parietal task control (Table 3 and Figure 1 , Table 4 and Figure 2 ).
Correlations between abnormal ALFF values and HAMD scores in patients with MDD
The partial correlation between abnormal ALFF (right Sensory/somatomotor hand, right auditory, left default mode network) and HAMD total scores in the patients were examined with age, years of education and illness duration as covariates, although age, years of education and ill duration were not significantly different between the groups. No correlations were observed.
Correlations between abnormal ALFF values and RBANS total scores, index scores
The partial correlation between abnormal ALFF (right default mode network) and RBANS total scores, index scores were performed with age, years of education, illness duration and HAMD total scores as covariates. The ALFF value of right default mode network (PCC) was positively and statistically significantly correlated with the immediate memory scores (r=0.426, p=0.021) and language scores (r=0.383, p=0.04). No correlations were observed between ALFF value of right default mode network (PCC) and RBANS total scores, attention scores and delayed memory scores.
Discussion
To our best knowledge, no prior study has used 264 putative functional areas atlas to examine the neural mechanisms between the TRD and non-TRD by differential functional integration within neural networks. Three main findings emerge from this study. First, the baseline depression severity (HAMD score) was significantly difference between TRD and non-TRD. Second, a significantly lower ALFF of right default mode network (PCC) between the depressed patient groups and healthy controls, moreover, right default mode network was correlated with the immediate memory and language in patients. Furthermore, abnormal ALFF values in right sensory/somatomotor hand, right auditory (temporal lobe) and left default mode network (LDLPFC) were observed between the TRD and non-TRD.
Cognitive deficits have now been a well-established feature of depressive disorder. The meta-analysis studies have shown that cognitive deficits in MDD mainly appeared in attention, memory, executive functioning, processing speed and selective cognitive control. [28] [29] [30] In support of our studies suggesting cognitive functions in multiple dimensions with depressive patients were impaired. The role of baseline severity as effect modifier in multifarious psychiatric disorders is one topic of controversy and of clinical import. In this study, baseline depression severity with TRD was significantly higher than that of non-TRD, does this indicate that the relationship between baseline depression severity and treatment response? A previous study reported late-life depression patients with high baseline depression severity are unlikely to respond after 12 weeks of treatment with venlafaxine XR. 31 Another study showed lower baseline depression severity predicted a higher likelihood of improvement with placebo. 32 These are all similar to our current result.
However, the study of individual participant data metaanalysis revealed that the association between baseline severity and treatment was not statistically significant. 33 Interestingly, there are studies that show that the depression spectrum (very severe, mild) increases the risk of poor response to treatment. Severe depression is associated with complex biological disorders, and for mild depression, drugs often fail to perform significantly better than placebos.
34,35
The reason for the inconsistent results may be due to multifactorial disorder with clinically heterogeneous features in MDD. The default mode network (DMN) is mainly composed of medial prefrontal cortex and PCC, both located along the brain's midline, together with inferior parietal and medial temporal regions, which is comprised of regions that are most active during rest, and is suggested to be involved in self-referential processes. 36 The DMN has been shown to be abnormal in depression patients. 37 We found decreased ALFF value in PCC within DMN with MDD (including TRD and non-TRD) compared to HCs, which are correlated positively with the immediate memory and language in depression. Some previous studies have reported similar results: one study found significantly reduced correlation between the precuneus/posterior cingulate cortex (P/PCC) and the bilateral caudate in depression compared with controls, 38 another research 39 demonstrated dissociation between posterior and anterior functional connectivity within DMNs in first-episode, treatment-naive young adults with MDD, which suggest that increased functional connectivity in anterior medial cortex and decreased functional connectivity in posterior medial regions. However, a large proportion of MDD studies have reported increased DMN in MDD: using seed-based correlation, functional connectivity between PCC and subgenual anterior cingulate cortexhas been found to be increased. 40, 41 Discrepancy in results may be ascribed differences in sample size, scanning and analysis methods, clinical variations in medication status. In the present study, compared with non-TRD subjects, TRD patients showed greater ALFF value in right sensory/ somatomotor hand, temporal lobe and left default mode network (LDLPFC), the MDD patients' HAMD score is uncorrelated with abnormal ALFF value. Convergent evidence from functional brain imaging and therapeutics suggests that depression is associated with dysfunction in several functionally integrated pathways, including somatosensory areas, temporal lobe and LDLPFC. The ENIGMA Major Depressive Disorder Working Group research shows MDD had lower total surface area in somatosensory areas by 20 cohorts worldwide.
42 Reza Tadayonnejad's results revealed abnormal alterations in ALFF in affective networks, corticostriatal circuits and motor/somatosensory networks, the significant positive correlation was found between higher frequency fALFF values in left somatosensory network and depression severity. 43 A review 44 summarized that the overall function of the anterior temporal lobe may be for semantic processing that is personally, socially or emotionally relevant. Another research showed MDD patients had significantly increased connectivity between medial thalamus and temporal areas, furthermore thalamo-temporal connectivity and severity of symptoms was positive correlation. 45 The involvement of the LDLPFC specific in TRD was furthermore confirmed by the improving clinical symptoms through theta burst stimulation. 11 Another study shows 10 TRD is associated with disrupted functional connectivity mainly in thalamo-cortical circuits, while non-TRD is associated with the limbic system. Animal studies 46 show that stress, through corticosteroid secretion, negatively modulates 5-HT1A receptors in the limbic system and is associated with alterations of corticoid receptor balance. Possible explanation is that the limbic system is also the target of standard antidepressants. Dysfunctional of somatosensory areas, right auditory (temporal) and left default mode network (LDLPFC) may be a marker for specific psychopathologies symptoms of TRD, that may be the reason that pharmacological treatment is effective in only one clinical group even though both groups show changed brain functioning.
We found that non-TRD but not TRD showed altered ALFF in left sensory/somatomotor hand, right auditory (insula), right fronto-parietal task control, right subcortical, in left fronto-parietal task control and right fronto-parietal task control. One possibility is that diversity of symptoms in non-TRD, and these areas are also the target of standard antidepressants. For example, the insula is believed mediate interpretation of sensory information from the body that contributes to emotional states. 47 Therefore, abnormal activity of the insula might underlie such depressive symptoms as somatic complaints and negative bias in interpreting bodily feedback.
Several main limitations should be considered in interpreting these results. First, due to the heterogeneous of depression, other factors that were not studied in our study may yet influence findings, such as age of onset. Second, the fMRI data of post-treatment were lacking because some patients refused to undergo fMRI scans again.Most patients believe depression has nothing to do with brain, and a small number of patients because of lack of time.Therefore, these function change dynamically after therapy remains to be established in longitudinal studies. Lastly, because of the relatively small sample size in this research, there was not enough data to examine neural network differences between the no-TRD and TRD. A larger sample size could help to clarify the neuromechanisms of TRD.
Conclusion
In conclusion, based on 264 putative functional areas atlas, we used the ALFF measure to test the difference of the baseline amplitude of intrinsic brain activity in non-TRD relative to TRD. We detected that TRD patient exhibits greater ALFF value in the right sensory/somatomotor hand, temporal lobe and DLPFC, dysfunction of that may be a marker for specific psychopathologies symptoms of the TRD.
